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C BY-NC-Abstract The electronic absorption spectra of different pyrimidine derivatives have been mea-
sured experimentally and calculated theoretically by the PPP and CNDO/S methods. These
pyrimidine derivatives are: 4,6-dichloro-pyrimidine (I), 4,6-dichloro, 5-amino-pyrimidine (II),
2,4,6-trichloro-pyrimidine (III), 4,6-dihxdroxy-pyrimidine (IV), 4,6-dihxdroxy-5-nitro-pyrimidine
(V), 2,4-diamino-pyrimidine (VI), 2,4-diamino-6-hydroxy-pyrimidine (VII), 2,4-dihydroxy-5-car-
boxy-pyrimidine (VIII), 2,4-dimethyl-6-hydroxy-pyrimidine (IX), 5-nitro-uracil (X), and orotic
acid (XI). The observed electronic spectral shifts are quantitatively analyzed in relation to differ-
ent solute–solvent interaction mechanisms. The effects of solvent polarity and hydrogen bonding
on the spectra are discussed in the light of theoretical predictions. This comparative analysis pro-
vides a reasonable picture of the solvent effects on the absorption spectral properties of pyrimi-
dine nucleobases.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Structural aspects of nucleic acid bases and their derivatives are
very important in relation to their biological activity. The elec-
tronic properties of these bases and their different tautomeric(M. Mogren).
y. Production and hosting by
Saud University.
lsevier
ND license.structures as well as their intermolecular complexes have been
the subject of extensive theoretical investigations (Sponer
et al., 1996; Leszczynski, 1998; Kobayashi, 1998; Podolyan
et al., 2000; Monshi et al., 1997; Al-Resayes et al., 1998; Hasan-
ein et al., 2004; Hasanein and Senior, 2007, 2011; Sˇponer and
Hobza, 2000; Friedemann and Naumann, 2003; Chandra
et al., 2004; Kitamura et al., 2005; Yekeler, 2005; Haranczyk
et al., 2005).
Several experimental spectral studies of different pyrimidine
bases were performed (Munesada and Suga, 1987; Graindourze
et al., 1991; Maes et al., 1991; Smets et al., 1994; Nikitina et al.,
1995; Maes and Smets, 1992; Mohandas and Umapathy, 1997;
Biswas and Umapathy, 1997, 2000; Buyukmurat and Akyuz,
2003; Stepanian et al., 1999; Wheeler et al., 1999). Theoretical
approaches including the use of semi-empirical MO methods
have been used to calculate the different electronic properties
of pyrimidine bases (Boesch and Wheeler, 1999; Walden and
88 M. Mogren et al.Wheeler, 1996; Wong, 1996; Kwiatkowski and Leszczynski,
1996; Ten and Baranov, 2004; Houben et al., 1997; Carthy
et al.,1997; Bogunovic et al., 2000). The theoretically calculated
electronic properties were reasonably predicted by the different
theoretical methods used.
In the present work, the electronic spectra of some pyrimi-
dine derivatives have been measured experimentally in twenty
different solvents These pyrimidine derivatives are 4,6-di-
chloro-pyrimidine (I), 4,6-dichloro, 5-amino-pyrimidine (II),
2,4,6-trichloro-pyrimidine (III), 4,6-dihxdroxy-pyrimidine
(IV), 4,6-dihxdroxy-5-nitro-pyrimidine (V), 2,4-diamino-
pyrimidine (VI), 2,4-diamino-6-hydroxy-pyrimidine (VII),
2,4-dihydroxy-5-carboxy-pyrimidine (VIII), 2,4-dimethyl-6-
hydroxy-pyrimidine (IX), 5-nitro-uracil (X), and orotic acid
(XI). The possible electronic transitions and other electronic
properties of the studied pyrimidine derivatives are calculated
theoretically by the PPP (Pariser–Parr–Pople) and CNDO/S
(Complete Neglect of Differential Overlap) methods. The sol-
vent effects on the electronic spectra of these compounds are
discussed and the observed spectral shifts have been decom-
posed into different solute–solvent interaction mechanisms.
The experimental as well as theoretically calculated values
are reported and compared.
2. Experimental
The pyrimidine derivatives (I–XI) were purchased from Al-
drich – Chemicals Company and used as received. All the spec-
tra were recorded at room temperature on a Pye Unicam and a
Biochrom 4060 double beam recording spectrophotometer in
the region 150–550 nm using a 1 cm path length. The spectra
were measured for dilute solutions (104 M) according to the
absorption of the solvent and the solubility of the compound
studied. The solvents were spectroquality and selected to showTable 1 Electronic Absorption Spectra of compounds I, II and III
Solvent I II
kmax
* kmax kmax
C-Hexane 252
n-Hexaner 252
Heptane 203 252 205
CC14
1,2-DCE 252
CHCI3
Et2O 251
MeOH 201 252 202
EtOH 206 252 204
1-PrOH
2-PrOH 202 252 203
But-OH 204 253 204
t-But-OH
Dioxane
EG 201 253 202
Glycerol 201 254 202
CH3CN 252
DMF
DMSO
ACOEt
ACOH
H2O
* In nm units.wide variations in dielectric constant "D", refractive index "n"
and hydrogen bonding capacity.
3. Methods of calculations
Structures and numbering of atoms for the pyrimidine deriva-
tives studied here are given in Fig. 1.
For analyzing the solvent effects on the electronic absorption
spectra of the pyrimidine derivatives studied here, different two-
and three-parameter equations are used with suitable combina-
tions between the following solvent polarity parameters:
E ¼ 2:859 103m ð1Þ
K ¼ ðD 1Þ=ð2Dþ 1Þ ð2Þ
M ¼ ðn2  1Þ=ð2n2 þ 1Þ ð3Þ
N ¼ ½ðD 1Þ=ðDþ 2Þ  ðn2  1Þ=ðn2 þ 2Þ ð4Þ
The parameter E (Reichardt, 1965) is given by Eq. (1) where m
is the wave number of the absorption maximum of pyridinium
N-phenolbetaine in the given solvent and it is sensitive to both
solvent–solute hydrogen bonding and dipolar interactions. The
dielectric function K (Kirkwood, 1934) represents adequately
the dipolar interactions. The functions M and N (McRae,
1957) have been introduced to account for the solute perma-
nent dipole–solvent induced dipole and solute permanent
dipole–solvent permanent dipole respectively.
In the present work the observed peak location of an
absorption band (y) in a given solvent has been expressed as
a linear function of different solvent polarity parameters (xn)
as follows:
y ¼ a0 þ a1x1 þ a2x2 þ . . .þ anxn
Eq. (5) is amenable to solution for the coefﬁcients a0, a1, a2,
. . .. . . and an by multiple regression technique.in different solvents.
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Figure 1 Structures and numbering of atoms for the studied
pyrimidine derivatives.
Experimental and quantum chemical studies of the electronic absorption spectra of pyrimidine derivatives 89The different singlet–singlet electronic transitions in the
pyrimidine derivatives studied here are calculated by the PPP
and the CNDO/S methods (Frisch et al., 1995).4. Results and discussion
4.1. Description of the electronic spectra
The spectra of the pyrimidine derivatives studied here are re-
ported in Tables 1–5. These compounds generally exhibit dif-
ferent regions of absorption depending on the substituent
and solvent used for each compound. The absorption region
200–220 nm may be assigned as due to the 1Aﬁ1Bb pﬁp* elec-
tronic transition while the absorption region 230–255 nm may
be assigned as due to the 1Aﬁ1La,b. This electronic transition
may be assigned as also a pﬁp* transition mixed to different
extents with nﬁp* transition. In the region 290–300 nm and
above 300 nm the absorption bands appearing could be as-
signed as a pure nﬁp* transition with some charge transfer
nature depending on the substituent nature whether it is an
electron withdrawing or electron donating substituent group.
The absorption at 260 nm was assigned to the 1Lb transition
and that at 200 nm to the 1B transition (Clark and Tinoco,
1965). On the other hand in the CD spectra of uridine deriva-
tives two peaks in the spectral region spanned by the 260 nm
absorption was observed (Miles et al., 1969). This suggested
that it contains two overlapping absorption bands. Similarly
two CD peaks are found in the region of 200 nm absorption.
These four bands observed in the CD spectra of uridine deriv-
atives have been considered to be of the pﬁp* type and corre-
lated with the 1La,
1La and
1B bands. An nﬁp* transition
around 280 nm was also observed for cytosine derivatives
(Rich and Kasha, 1960).
The spectra of 4,6-dichloro pyrimidine (I) showed the 1Bb
and the 1La bands at 202 and 251 nm, respectively, in hep-
tane as solvent. Both bands have shown slight solvent effect
on going from non polar to polar solvents. The 251 nm band
may be considered as having nﬁp* character originating from
the ring nitrogen and this may explain its appearance at
261 nm in the spectra of compound (III) in which there exists
a third chlorine atom in position 2 of the pyrimidine nucleus.
This third chlorine atom may lower the energy gap between
the n and p* levels. On the other hand addition of an NH2
group in the 5-position of the pyrimidine nucleus in compound
(II) led to the appearance of the nﬁp* transition at 299 nm in
heptanes as solvent. Two absorption bands having the nﬁp*
nature appeared with kmax located at 277 and 300 nm for com-
pound (IV). The spectra of compound (V) have shown an
absorption band with kmax located at 340 nm in CCl4 as sol-
vent which could be assigned as charge transfer transition.
Two bands are observed at 280 and 300 nm assigned as due
to nﬁp* transitions. Different absorption bands are observed
in the spectra of compound (VI). The 1La and
1Lb transitions
are observed at 224 and 240 nm in n-hexane as solvent. Differ-
ent transitions with nﬁp* nature have also been observed at
268, 280 and 296 nm in other solvents. These nﬁp* transitions
are observed in the spectra of compound (VII) with kmax
located at 260 280 and 296 nm in different solvents. For com-
pound (VIII) the 1La band is observed in methanol as solvent
at 236 nm while the 1Lb transition has kmax at 252 in c-hexane
as solvent. For this compound two nﬁp* transitions are ob-
served at 280 nm in c-hexane and 296 nm in CCl4. The
1La
and 1Lb transitions for compound (IX) are observed at 236
and 252 nm in different solvents in addition to three nﬁp*
transitions with kmax located at 276, 280 and 296 nm for this
Table 3 Electronic absorption spectra of compounds VI, and VII in different solvents.
Solvent VI VII
kmax
* kmax kmax kmax kmax kmax kmax kmax kmax kmax kmax
c-Hexane 280 268
n-Hexane 240 284 268
Heptane 224 280 220 268
CCl4 296 296
1,2-DCE 232 280 244 272
CHCl3 296 292
Et2O 296 292
MeOH 216 230 280 220 260 274
EtOH 296 296
1-PrOH 296
2-PrOH 214 232 280 216 260 274
But-OH 232 239 280 287 220 245 272
t-But-OH 296 296
Dioxane 296 296
EG 296 296
Glycerol 240 268 280 272
CH3CN 232 280 220 268 279
DMF 288 280
DMSO 288 280
ACOEt 284 264 276
ACOH 272 260
H2O 229 276 216 256 280
* In nm units.
Table 2 Electronic absorption spectra of compounds IV and V in different solvents.
Solvent IV V
kmax
* kmax kmax kmax kmax kmax kmax kmax kmax kmax kmax kmax
c-Hexane 252 277 252 280
n-Hexane 252 284 252
Heptane 228 240 240 280
CCl4 300 300 340
1,2-DCE 248 274 248 286 328
CHCl3 296 300 328
Et2O 296 253
MeOH 222 236 267 222 236 328
EtOH 296 300 328
1-PrOH 296 328
2-PrOH 217 232 240 267 217 232 240 280 320
But-OH 228 240 280 232 240 278 324
t-But-OH 296 300
Dioxane 296 328
EG 296 328
Glycerol 248 293 244 324
CH3CN 232 240 272 278 232 251 280 328
DMF 272 336
DMSO 271 280 336
ACOEt 256 273 276 290 328
ACOH 256 270 252 284
H2O 214 228 254 214 232 270 328
* In nm units.
90 M. Mogren et al.compound in different solvents. For 5-nitro-uracil (X) charge
transfer bands with kmax located at 306 and 352 nm in DMF
solvent is observed. This is expected to be from the lone pairof the donor carbonyl group to the acceptor nitro group
through the ring p* orbitals. The 1La and
1Lb transitions for
this compound (X) are observed at 236 nm in heptanes and
Table 4 Electronic absorption spectra of compounds VIII and IX in different solvents.
Solvent VIII IX
kmax
* kmax kmax kmax kmax kmax kmax kmax kmax kmax kmax kmax kmax
c-Hexane 252 280 256 276
n-Hexane 252 252 280
Heptane 240 276
CCl4 296 296
1,2-DCE 248 276 248 276
CHCl3 296 296
Et2O 296 296
MeOH 222 236 272 222 236 268
EtOH 296 296
1-PrOH 296 296
2-PrOH 216 233 272 280 217 232 240 272
But-OH 233 240 276 236 276
t-But-OH 296 296
Dioxane 296 296
EG 296 296
Glycerol 244 272 281 248 267 281
CH3CN 232 251 271 280 232 251 272 280
DMF 284 360 280
DMSO 280 280
ACOEt 272 256 273
ACOH 272 268
H2O 214 224 240 279 214 228 243 267
* In nm units.
Table 5 Electronic absorption spectra of compounds X and XI in different solvents.
Solvent X XI
kmax
* kmax kmax kmax kmax kmax kmax kmax kmax
c-Hexane 252 280
n-Hexane 252 284
Heptane 236 240 276
CCl4 308
1,2-DCE 248 300
CHCl3 308
Et2O 304 205 283
MeOH 222 232 292 207 282
EtOH 308 211 277
1-PrOH 308,335 208 282
2-PrOH 217 232 244 292 207 283
But-OH 240 281 289
t-But-OH 308
Dioxane 308 288
EG 244 273 300 209 284
Glycerol 232 251 288 209 284
CH3CN 268 340
DMF 300 306,352
DMSO 292 285
ACOEt 280 283
ACOH 214 232 243 296 340 282
H2O 203 278
* In units of nm.
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served at 284 nm in c-hexane and 296 nm in water. The spectraof orotic acid in different solvents exhibited two main absorp-
tion bands. One is observed at 211 nm in ethanol and the other
Table 6 Different calculated regression coefﬁcients for the second band of compounds I, II, and III , the third band for IV and the
longest wave length band of V.
Compound Parameter a0 a1 a2 a3 MCC
*
X1 X2 X3
I E K 39452.1 10.4 887.2 0.09
E M 42187.5 0.1 13590.0 0.49
E N 40089.1 18.8 688.7 0.16
K M 42265.1 166.2 13637.1 0.49
M N 42196.6 13603.2 4.9 0.49
E K M 42097.7 13.7 1200.5 13821.5 0.51
E M N 42159.8 2.3 13764.6 78.7 0.50
II E K 42795.5 38.5 1133.7 0.93
E M 43660.9 51.4 3806.4 0.94
E N 42795.9 46.8 162.4 0.93
K M 43111.2 4053.6 4546.2 0.91
M N 42873.8 7543.3 1704.6 0.91
E K M 43569.2 37.5 1225.4 4042.0 0.94
E M N 43510.5 39.6 4750.6 427.3 0.94
E K 38638.5 12.7 591.9 0.18
E M 38520.9 6.1 300.8 0.16
E N 38502.1 3.3 106.0 0.16
III K M 38330.2 313.1 528.3 0.11
M N 38360.9 198.1 203.5 0.16
E K M 38606.9 12.6 588.2 154.3 0.18
E M N 38457.6 3.4 220.5 103.2 0.17
E K 37608.2 100.8 6531.9 0.61
E M 35461.8 4.6 1670.3 0.09
E N 38024.4 70.6 1989.0 0.41
IV K M 35424.5 1062.5 782.7 0.28
M N 35545.5 1511.9 328.9 0.21
E K M 37910.8 102.0 6617.5 1460.3 0.61
E M N 37624.3 71.5 2182.5 2002.4 0.42
E K 36987.2 151.5 1882.2 0.55
E M 43133.2 43.8 30133.9 0.85
E N 37479.0 55.5 941.8 0.58
V K M 41296.0 2126.9 26036.7 0.67
M N 41239.6 27925.4 937.5 0.68
E K M 34262.9 63.1 1615.5 29698.1 0.87
E M N 34255.5 57.9 28749.2 522.6 0.86
* Multiple correlation coefﬁcient.
92 M. Mogren et al.is observed at 283 nm in diethyl ether. The shortest wave
length band is also observed at 211 nm in ethanol and the
other is observed at 283 nm in diethyl ether.
4.2. Analysis of the observed spectral shifts
Several two- and three-parameter equations have been used to
correlate the observed spectral shifts with various empirical sol-
vent polarity parameters given above in Section 3 using the
multiple regression technique. For each case the sum of the
squared residuals has been calculated as an indication of the
ﬁt, however the multiple correlation coefﬁcient (MCC) has
been considered as a measure of the goodness of the ﬁt in a
one-tail test to obtain the level of signiﬁcance for each case.
The results of calculations for all the pyrimidine derivatives
are reported in Tables 6 and 7. Among the two parameter com-
binations the EK and EM have given reasonable correlations.
This indicates that solute–solvent hydrogen bonding together
with dipolar interactions account reasonably for the observed
solvent spectral shifts. Two different three-parameter combi-nations have been used to obtain better correlations. The sol-
vent polarity parameter K is added to the EM combination
and the parameter N is added to the EM combination. As re-
ported in Tables 6 and 7 the calculated values of the MCC for
these two three-parameter equations are better than the two
parameter equations MCC values. The addition of a third
parameter improved the correlations as to be expected. In a
test of signiﬁcance referring to a one-tail test the level of signif-
icance for most cases is found to be around 90%. This may
indicate that speciﬁc solute–solvent interactions in particular
hydrogen bonding as well as non-speciﬁc interactions such as
dispersion and solvent dipole–solute dipole interactions could
provide a reasonable model for describing solvent induced
spectral shifts in a predictive manner.
4.3. Calculated singlet–singlet electronic transitions
The calculated singlet–singlet electronic transitions for the
pyrimidine derivatives studied here using the PPP and
CNDO/S methods are reported in Tables 8 and 9. The calcu-
Table 7 Different calculated regression coefﬁcients for the second band of XI, third band of VII, ﬁfth band of compound VI, VIII and
IX and the longest wave length band of X.
Compound Parameter a0 a1 a2 a3 MCC
*
X1 X2 X3
VI E K 34818.0 31.9 1478.2 0.73
E M 34668.5 17.2 1239.0 0.66
E N 34436.6 34.8 701.6 0.73
K M 35473.6 948.5 894.3 0.45
M N 35454.5 86.4 422.0 0.49
E K M 34295.8 34.3 1607.0 2448.8 0.74
E M N 34179.6 35.3 1229.0 701.3 0.73
VII E K 38273.2 17.2 6613.9 0.52
E M 38950.7 15.3 11609.4 0.50
E N 36369.1 23.2 2273.2 0.49
K M 39316.2 4033.7 7521.1 0.58
M N 38704.0 9584.5 1359.2 0.59
E K M 39242.7 2.6 4404.8 6871.6 0.58
E M N 38408.8 5.6 8565.0 1619.2 0.60
VIII E K 35964.4 14.1 1873.2 0.40
E M 37053.7 6.9 4637.2 0.26
E N 35431.8 19.7 973.8 0.45
K M 36927.1 926.8 3628.0 0.37
M N 36912.6 4384.1 429.9 0.40
E K M 36390.0 11.2 1685.2 1897.2 0.41
E M N 36064.0 16.5 2658.0 900.2 0.47
E K 36763.1 26.8 865.1 0.34
IX E M 37217.4 12.4 3599.0 0.35
E N 36500.4 11.3 102.6 0.31
K M 37072.5 526.5 4443.5 0.29
M N 36987.8 4295.6 333.6 0.35
E K M 37353.4 24.0 819.6 3464.4 0.37
E M N 37091.6 5.8 3904.0 193.7 0.35
X E K 34010.2 95.8 6859.4 0.52
E M 28810.4 0.2 35488.2 0.81
E N 33134.8 81.3 2530.7 0.56
K M 28903.8 407.1 35775.7 0.82
M N 28869.0 35599.7 206.7 0.82
E K M 28676.9 55.2 4234.9 31729.7 0.87
E M N 28359.5 43.5 30999.5 1461.0 0.86
XI E K 34229.0 20.2 521.5 0.65
E M 36244.3 19.4 9250.2 0.80
E N 34420.8 17.0 338.2 0.66
K M 36697.3 2062.7 11345.0 0.82
M N 36995.6 10535.6 797.5 0.82
E K M 36373.4 9.1 1332.6 10313.8 0.83
E M N 36633.0 7.8 9907.7 547.3 0.83
* Multiple correlation coefﬁcient.
Experimental and quantum chemical studies of the electronic absorption spectra of pyrimidine derivatives 93lated values obtained using the three-parameter regression
analysis are given in the last column of these tables. The calcu-
lated values either using the PPP or the CNDO/S methods are
in reasonable agreement with their corresponding experimental
values. The use of either the Mataga–Nishimoto or the Ohno–
Klopman approximations for the one-center two-electron
repulsion integrals (Murrel and Harget, 1972) has given nearly
the same calculated values of the singlet–singlet electronic
transitions. In the CNDO/S calculations we used the Del-Bene
and Jaffe parametrization scheme (Del-Bene and Jaffe, 1968).
It is worth noting that the PPP and CNDO/S calculated values
for the singlet–singlet electronic transitions are parameterdependent. Also the experimental values are corresponding
to kmax values which could be related to the 0–0 transition in
solution while the theoretically calculated values could be re-
lated to a Franck-Condon vertical transition. This may explain
the observed difference between the experimental and theoret-
ically calculated values.
5. Conclusions
The electronic absorption spectra of different substituted
pyrimidines have been measured in a wide variety of solvents.
The pyrimidine derivatives studied here are 4,6-dichloro-
Table 8 Different calculated and experimental singlet–singlet
electronic transitions together with the regression calculated
values for pyrimidine derivatives (I–VI) in units of eV.
Compound Method
PPPa PPPb CNDO/S Experimental Regression
3.52 3.18 4.16 4.93c 5.22
I 3.53 3.96 4.85 6.03c 5.77
4.48 4.63 5.58
4.87 5.62 6.05
II 3.50 3.22 4.30 3.99d 5.14
4.34 3.85 4.54 5.14c 5.40
4.84 4.48 4.73 6.07c 5.96
5.50 5.54 5.43
III 3.62 3.29 4.55 4.74c 4.79
4.53 4.77 4.79 6.04c 5.76
4.66 5.09 5.66
4.90 5.50 5.91
IV 4.59 4.92 4.46 4.49e 4.38
5.50 5.22 4.72
6.03 6.24 4.75
6.12 5.87
V 3.04 3.37 3.01 3.65f 3.67
3.87 5.28 3.41
4.63 4.64
5.42 5.04
VI 3.24 4.31 4.37 4.43g 4.20
3.91 5.03 4.63
5.07 6.18 5.64
6.27 5.71
a Mataga–Nishimoto approximation.
b Ohno–Klopman approximation.
c EtOH.
d n-Hexane.
e c-Hexane.
f CCl4.
g Heptane.
Table 9 Different calculated and experimental singlet–singlet
electronic transitions together with the regression calculated
values for pyrimidine derivatives (I–VI) in units of eV.
Compound Method
PPPa PPPb CNDO/S Experimental Regression
VII 4.44 5.89 4.61 4.56c 4.46
5.55 4.72
5.65
5.82
VIII 3.03 3.57 3.88 4.49d 4.32
3.63 4.18 4.64
4.42 4.96 4.79
5.01 5.16 5.36
IX 3.40 3.72 4.31 4.49e 4.32
3.48 4.24 4.51
4.44 4.40 4.72
5.21 5.12 5.58
X 3.84 3.96 3.25 4.02f 3.86
4.50 4.99 3.89 4.37g 3.94
4.85 5.27 5.05
5.12 5.10
XI 3.91 4.08 3.59 4.40h 4.51
4.56 4.82 4.00 5.89 h 6.20
4.97 5.26 4.59
5.82 5.73 5.20
a Mataga–Nishimoto approximation.
b Ohno–Klopman approximation.
c 1,2-DCE.
d Heptane.
e cyclo-Hexane.
f CC14.
g Normal-Hexane.
h EtOH.
94 M. Mogren et al.pyrimidine (I), 4,6-dichloro, 5-amino-pyrimidine (II), 2,4,6-tri-
chloro-pyrimidine (III), 4,6-dihxdroxy-pyrimidine (IV), 4,6-
dihxdroxy-5-nitro-pyrimidine (V), 2,4-diamino-pyrimidine
(VI), 2,4-diamino-6-hydroxy-pyrimidine (VII), 2,4-dihydroxy-
5-carboxy-pyrimidine (VIII), 2,4-dimethyl-6-hydroxy-pyrimi-
dine (IX), 5-nitro-uracil (X), and orotic acid (XI). The differ-
ent observed absorption bands have been assigned.
The observed spectral shifts have been quantitatively
decomposed into different solute–solvent interaction mecha-
nisms using the multiple linear regression technique. The calcu-
lations indicate that speciﬁc solute–solvent interactions in
particular hydrogen bonding as well as non-speciﬁc interac-
tions such as dispersion and solvent dipole–solute dipole inter-
actions could provide a reasonable model for describing
solvent induced spectral shifts.
The CNDO/S as well as the PPP calculated singlet–singlet
electronic transitions are in a reasonable agreement with their
corresponding experimental values.References
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